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1 Introduction
From the RAN1#61bis meeting, it has been agreed that [1]
· For initial transmission the CSI to (CS, OCC) should follow the following

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 
· Mapping table between CSI and ( nDMRS,0(2) , nOCC,0) 
· Exact mapping  is FFS
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1
· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· CS offsets (∆k) for 3 layers are FFS. 
· FFS applicability of the above to retransmission cases

In this contribution, we discuss the following unresolved issues:

· How to assign the CS offsets for rank-3 transmissions
· How to assign the CS offsets in PHICH-triggered retransmissions

and propose solutions to them.
2 CS offsets assignments in rank-3 UL SU-MIMO
For rank-3 transmissions, following options are taken into account in this document:
· Option 1: CS offsets (∆k) are {0, 6, 3} for k=0, 1, 2
· Option 2: CS offsets (∆k) are {0, 4, 8} for k=0, 1, 2
A set of DMRS with sufficiently spaced CS guarantees good channel estimation performance in UL SU-MIMO. Based on this principle, we have agreed on the largest CS offsets in rank-2 and rank-4 transmissions. In this sense, Option 2 promises better channel estimation performance than Option 1 since the smallest offset among layers is 3 for Option 1 and 4 for Option 2.

On the other hand, Option 1 provides a nested property in CS assignments, i.e. offsets {0, 6, 3} are founded in the offsets for rank-4. This can be beneficial in UL MU-MIMO scheduling. Since an offset between layers is a multiple of 3, the eNB scheduler can easily find the CS values of multiple users scheduled on same RBs.
Pros and cons of each option can be summarized as in Table 1.

Table 1. Pros and cons of options 1 and 2
	
	Option 1
	Option 2

	Pro
	Nested property beneficial in UL MU-MIMO scheduling
	Relatively better channel estimation performance from UL SU-MIMO’s perspective

	Con
	Relatively worse channel estimation performance from UL SU-MIMO’s perspective
	No nested property


Even though option 1 provides the nested property, it does not promise actually system performance gain. A smart eNB scheduler can find a set of co-scheduled UEs even with the restriction of option 2. Meanwhile, the gain from option 2 is clear especially in frequency selective channels. Accordingly, we propose option 2 as a solution for CS offsets assignments in rank-3 UL SU-MIMO.
Proposal: CS offsets (∆k) are {0, 4, 8} for k=0, 1, 2
3 CS offsets assignments in PHICH-triggered retransmissions
Since we have agreed to support two HARQ-ACKs on either PHICH or PDCCH for UL SU-MIMO in LTE Rel-10, HARQ operations can be handled by either PHICH or PDCCH. If PDCCH signals the UL grant explicitly, there is no ambiguity in CS offsets assignment since the transmission rank is explicitly indicated by DCI and the CS offsets are implicitly determined by the transmission rank. On the other hand, if PHICH triggers retransmissions as illustrated in Figure 1, there is no explicitly signaling on UL SU-MIMO transmissions. Therefore, it should be specified how to assign CS offsets for each layer.
There are two alternatives 2 for
CS offsets assignments in PHICH-triggered retransmissions:

· Alternative 1: CS offsets determined by the transmission rank of retransmission 

· Alternative 2: CS offsets inherited by the initial grant

Figure 2 illustrates how each alternative assigns the layers CS offsets in retransmissions. Alternative 1 is simple and requires no further specification effort since the same rule is applied to CS offsets assignments between PDCCH-triggered retransmission and PHICH-triggered one. On the other hand, Alternative 2 needs to introduce different CS offsets assignment rule depending on which channel triggers PUSCH retransmission. 
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Figure 1. PHICH-triggered retransmissions.
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Figure 2. An example of CS offset assignments in PHICH-triggered retransmissions
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Figure 3. Another example of CS offset assignments in PHICH-triggered retransmissions
A potential benefit from Alternative 2 is that it may be robust in PHICH-error cases where the UE misdetects the PHICH command from the eNB. However, considering the target performance of PHICH, the gain from this robustness seems marginal.
Figure 3 shows another example of CS offsets assignments in case where rank-3 SU-MIMO is initially granted and rank-2 retransmission is triggered by PHICH. In this example, Option 2 is assumed as discussed in the previous section. According to Alternative 1, CS offsets {0,6} will be used in the retransmission and the CS separation is 6. On the other hand, if Alternative 2 is adopted, CS offsets {4,8} will be used and the CS separation is 4. It is observed from this example that Alternative 2 will provides better channel estimation performance in the retransmission. 

Considering the pros and cons of each alternative, we finally propose Alternative 1 as a solution for CS offsets assignments in PHICH-triggered retransmissions
Proposal: CS offsets determined by the transmission rank of retransmission
4 Conclusion
This contribution discussed the option issues on DMRS CS offsets assignments for UL MIMO. Two options for CS offsets assignments in rank-3 UL SU-MIMO and two alternatives for CS offsets assignments in PHICH-triggered retransmissions have been compared with each other. Followings are the suggestions we made from our observations:
· How to assign the CS offsets for rank-3 transmissions

· CS offsets (∆k) are {0, 4, 8} for k=0, 1, 2
· How to assign the CS offsets in PHICH-triggered retransmissions

· CS offsets are determined by the transmission rank of retransmission
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